Threshold dose of piperonyl butoxide that induces reactive oxygen species-mediated hepatocarcinogenesis in rats.
To determine the threshold dose of piperonyl butoxide (PBO) that induces hepatocellular tumor-promoting effects, reactive oxygen species (ROS) generation, and drug-metabolizing enzymes that protect against ROS generation, partial hepatectomized rats were fed diets containing 0, 0.015, 0.03, 0.06, 0.125, 0.25, or 0.5% PBO after an i.p. injection of N-diethylnitrosamine (DEN) to initiate hepatocarcinogenesis. Histopathologically, Glutathione S-transferase placental form (GST-P)-positive foci were significantly increased in a dose-dependent manner in rats given 0.25% PBO or higher. The formation of microsomal ROS in the liver was significantly increased in 0.25 and 0.5% PBO. Real-time RT-PCR showed that the expression of the CYP1A1, UDPGTr-2, and Mrp3 genes was significantly upregulated in rats given 0.03% PBO or higher. These results suggest that 0.25% is the threshold dose of PBO that induces ROS-mediated hepatocarcinogenesis in rats, although the CYP1A1 gene that is related to ROS generation and the UDPGTr-2 and Mrp3 genes that are involved in protection against ROS were induced in the livers of rats even at a PBO dose of 0.03%.